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The Impact of Ethnicity on Cochlear Implantation in Norwegian Children
Introduction
The knowledge about hearing-disabled children with a multiethnic background is limited. In Norway, as in many Western countries, the number of refugees immigrating to the country is increasing, and there is growing pressure on authorities to meet the health care needs of these populations. This includes identification of deafness, modes of communication, and adequate rehabilitation. In the absence of a national registry for children with severe to profound deafness, data on pediatric cochlear implants (CIs) may provide useful information about the present situation of deaf children and what to focus on in the future.
All children with a CI in Norway are implanted and followed up at the same center.
Approximately 95% of profoundly deaf children in Norway receive a CI. Others do not due to factors such as severe comorbidity, anatomical reasons, or parents who decline a CI for their child. According to the World Health Organization [1], profound deafness is defined as hearing thresholds >80 dB HL in the better ear. A child with profound sensorineural hearing loss is a candidate for bilateral CIs in Norway, following early detection and a hearing aid trial. Typically, children identified in the newborn screening program for deafness who show no progress in auditory skills or speech/language development with the use of hearing aid receive bilateral CIs in a simultaneous implantation procedure, preferably before 1 year of age.
The situation for children with non-Nordic ethnicity may be different, due to cultural factors, late detection of deafness, and different or non-existent rehabilitation strategies in their country of origin. In a review, Belzner and Seal [2] stated that the few studies that exist on deaf children with multiethnic backgrounds tend to include small populations, and they 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Amundsen et al, The Impact of Ethnicity on Cochlear implantation in Children in Norway 5 found that in the US, white and Asian children were implanted more often than Hispanic and African-American children. Furthermore, white and Asian children received CIs more often than would be expected based on the prevalence of severe to profound sensorineural hearing loss, and low socioeconomic status was correlated with a lower implantation rate. In a later study from the US, Wiley and Meinzen-Derr [4] could not verify a direct impact of ethnicity on implantation rate, but they found a higher incidence of deafness in ethnic minority groups and in populations with low socioeconomic status. In a US study by Armstrong et al. [5] , no differences were found in ethnicity, age at implantation, or time between evaluation and implantation. To the best of our knowledge, no similar studies on ethnicity in children with CI in the Nordic or other European countries have been published.
Worldwide there is variability in the extent to which CIs are provided to children from multiethnic backgrounds. Given the current influx of refugees in Norway [6] , the situation of deaf children with a non-Nordic background in the country needs to be better understood.
The aim of the present study was to explore the impact of parental ethnicity on cochlear implantation in children in Norway. The study focused on (1) the incidence rates of CIs in the pediatric population, (2) comorbidities, (3) age at onset of profound deafness (AOD) and age at first implantation, (4) unilateral or bilateral CIs, and (5) speech recognition.
Material and methods

Design and population
All children <18 years who received their first CI during the years 2004-2010 in Norway were included (N = 278). Indications for a CI over the period were 1) the combination of little or no response to sounds and delayed or absent progress in spoken language skills with hearing aids, and 2) either a) sensorineural hearing loss with thresholds >75 dB HL in the better ear for children <1 year and >70 dB for older children, or b) rapidly progressive 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Amundsen et al, The Impact of Ethnicity on Cochlear implantation in Children in Norway 6 or c) auditory neuropathy spectrum disorder (ANSD) with severely delayed language development and no benefit from hearing aids.
Data collection
Data was retrieved from the CI database of the National Pediatric CI team and from patients' records. We chose to begin the study period on the 1 st of January 2004, as simultaneous bilateral implantation in children was introduced as a preferred treatment that year. The study period ended on the 31 st of December 2014, with a minimum of 4 years of follow-up after implantation for each child. Background data on the pediatric population during the study period were retrieved from Statistics Norway, which has overall responsibility for official statistics in Norway [7] .
Variables
Ethnicity
Children were categorized according to the ethnic background definition of Statistics Norway, i.e., Nordic children are at least second generation born in a Nordic country (Norway, Sweden, Denmark, Finland, or Iceland). Nordic children in these countries are considered culturally homogenous, and health care systems differ very little with regard to detection and rehabilitation of deafness. For the present analysis, children were grouped as Nordic or nonNordic. Non-Nordic children were subcategorized into: 1) those with two non-Nordic parents and born in Nordic countries, 2) two non-Nordic parents and born in non-Nordic countries, 3) one non-Nordic parent regardless of birthplace, or 4) adopted.
Comorbidity
Comorbidity was defined as any known medical condition or disorder except for Amundsen et al, The Impact of Ethnicity on Cochlear implantation in Children in Norway 7 because of other procedures or interventions, e.g. heart surgery. In order to avoid interaction with ethnicity as a cause of delayed implantation, a separate variable was defined, comorbidity as a potential cause of delay, which refers to comorbidity that could theoretically have delayed implantation (but did not necessarily do so).
Age at onset of profound deafness
AOD was defined as the age at which severe to profound deafness became obvious based on combined information gained from history, audiological testing (otoacoustic emissions, auditory brain stem response, and, depending on age and cooperation, distraction testing, visual reinforced audiometry, play audiometry, and pure tone audiometry), evaluation of language development, and results from a hearing aid trial. Defining an exact AOD is difficult since testing is usually done repeatedly, and the diagnosis may be set much later than the onset of deafness. Neither is it possible to define the exact date of onset in case of progressing hearing loss or ANSD. It was therefore considered more appropriate to categorize AOD into <1 year, between 1-2 years, between 2-3 years, and ≥3 years. A separate group (partial hearing) included children who had partial hearing, ANSD, and/or some language development before receiving a CI, and who may have benefitted from a hearing aid trial prior to receiving CI. This group also included rapidly progressing but not yet profound hearing loss.
Speech recognition
Open 
Analysis
Privacy protection statement
The CI registry has been approved by the local Ethical Committee (2011/20654), which stated that the present analysis did not require their further approval. Data collection and publication were approved by the hospital's Privacy and Data Protection Officer (2011/7381). Table 1 shows the characteristics of all 278 children in our study sample. The five most common countries of parental origin for non-Nordic children were Pakistan (20) , Russia (7), 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Amundsen et al, The Impact of Ethnicity on Cochlear implantation in Children in Norway 9 AOD <1 year than ≥1 year (30.7% and 11.2%, respectively (p < .01). Comorbidity as a potential cause of delayed CI was recorded in 27.3% of the study sample. All three investigated categories of comorbidity were as common in Nordic as in non-Nordic children, regardless of their place of birth.
Results
Ethnicity and incidence of CI
Age of onset of profound deafness and at age at implantation
The majority of children had an AOD <1 year (n = 153). Their characteristics are shown in Table 2 . Among these children, the main subgroups included Nordic children (n = 104) and children born in Nordic countries with two non-Nordic parents (n = 31). Age at implantation varied widely in all AOD groups, especially among those with AOD >3 years and the partial deafness group (n = 56) (Fig. 1 ). Among children with AOD <1 year, 26 received a CI before 12 months of age; three of whom (12%) were of non-Nordic and 23 (88%) of whom were of Nordic ethnicity. The difference in proportions was not significant. Age at implantation was higher in children with non-Nordic parents compared with Nordic children, with great variation observed within and between non-Nordic subgroups (Table 3) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Amundsen
between AOD and implantation was found in children born in non-Nordic countries with nonNordic parents.
Children with AOD between 1-2 years (n = 24) showed a similar pattern of age at implantation as those with AOD <1 year. Children born in non-Nordic countries with nonNordic parents were implanted significantly later (Table 4) . For children with a higher AOD, age at implantation showed great variation for children of both Nordic and non-Nordic ethnicities (Fig. 1) .
The partial deafness group (n = 56) was heterogeneous with regard to AOD as well as type of deafness. Progressive deafness, partial high frequency deafness, and ANSD were represented.
The mean age at implantation for non-Nordic (n = 16) and Nordic (n = 40) children was 96.5 months and 79.0 months, respectively. The mean age at implantation for adopted non-Nordic children (n = 6) was 56.7 months.
Speech recognition
Monosyllable speech recognition scores were available for 189 children (Table 5 ). Table 6 shows reasons for missing results. Children with two non-Nordic parents scored significantly lower than Nordic children, particularly if they were born in non-Nordic countries. The median score for AOD <1 year was 84% (mean 80.1%, SD 16.1%), and no significant difference related to ethnicity was found.
Unilateral or bilateral CIs
Two hundred and thirteen children (76.6%) had bilateral CIs. Children with two non-Nordic parents had bilateral CIs in 89%. The rate of bilateral CIs was stable throughout the study period. There were no significant differences with regard to ethnicity, AOD group, CDL disabilities, or comorbidity as a potential cause of delay. Children with AOD <1 year with unilateral CI were on average 24.9 months older at implantation than those with bilateral CIs   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Amundsen
(p = .001). Late implantation with little benefit was the most common reason for a second CI not being offered.
Non-users of the CI
Sixteen children did not use their CIs at all. Seven were of non-Nordic and 9 were of Nordic ethnicity. Nine had CDL disabilities. The average age at implantation for non-users with AOD <1 year was 43.6 months (SD 33.7 months), and age at implantation did not correlate with ethnicity or comorbidity.
Discussion
The primary aim of this study was to assess whether children in Norway have equal access to CI regardless of parental ethnicity (non-Nordic vs. Nordic), and whether age at implantation is different in the two groups. This was achieved by summarizing data on all children living in
Norway and who received a CI between 2004 and 2010. The two main categories we explored were prelingually deaf children, here used synonymously with AOD <1 year, and those with later AOD or partial deafness. Definitions of prelingual deafness vary, but over the past decade the threshold has been dropping from 4 years [8] , to 3 years [9, 10] , to 1 year.
Perilingual deafness defines an intermediate group [11] . Therefore our categorization into AOD groups allows for comparisons with studies where prelingual deafness is defined differently. Prelingually deaf children constituted the largest and most homogenous group with regard to ethnicity and AOD. Our older AOD groups had a more heterogeneous history of deafness, exposure to spoken or sign language, and ethnicity.
Prelingual profound deafness was mainly focused on because early implantation is crucial for optimal development of spoken language [12] [13] [14] [15] . With regard to delayed implantation, postlingually deaf children are less vulnerable when it comes to maintaining a functional spoken language. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Amundsen et al, The Impact of Ethnicity on Cochlear implantation in Children in Norway 12
Incidence rate of cochlear implant versus ethnicity
Children with a non-Nordic ethnicity and CIs were overrepresented compared with Nordic children, with an odds ratio of 1.9 for having a CI compared with Nordic children. This indicates a higher incidence of profound prelingual deafness in children with non-Nordic ethnicity in Norway. There was a significant dominance of children with parents of Asian origin, particularly Pakistani (23.3% of the non-Nordic children and 7.2% of the study population). The dominating and most homogenous non-Nordic subgroup was children born in Nordic countries with two non-Nordic parents. They were followed up in the Norwegian health care system in the same manner as all other Norwegian children. This allowed for comparisons without confounding factors related to previous and/or unknown circumstances in the country of origin before arriving in Norway. The most plausible explanation of the high representation of deafness is consanguinity of parents with reinforced recessive heredity.
Other studies have shown differences in genes coding for deafness in certain ethnic minorities [16] [17] [18] [19] [20] . Alternative explanations could be infections, prematurity, and neonatal complications [21] , but this is less likely in view of the evenly distributed comorbidity in the present study.
The high representation of non-Nordic children with CI in Norway differs from previous findings that ethnic minorities such as African-American children in the US were less likely to receive CI than white children [3] . Our findings are similar to those reported in more recent studies from the US, in which no direct impact of ethnicity was found on implantation rate, but socioeconomic status was an important factor for access to CI [4, 5]. We did not find any studies on the ethnicity of deaf children with CI in Europe. The Norwegian health care system includes free screening of all newborns for deafness, which should guarantee access to CI irrespective of socioeconomic status. We conclude that for deaf children in Norway, access to CI does not depend on ethnicity. This is supported by the finding of similar rates of bilateral CIs, on average 77%, which are even higher than the average in children with two parents of 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Amundsen et al, The Impact of Ethnicity on Cochlear implantation in Children in Norway 13 non-Nordic background (89%). Notably, CDL disabilities did not affect the rate of bilateral CIs.
Age at implantation versus ethnicity
Children with non-Nordic ethnicity were implanted later than Nordic children. Among children born in Norway with AOD and age at implantation <1 year, very few had nonNordic ethnicity, although they were born and followed in the Norwegian health care system. Several analyses also indicated a possible >2-month delay in implantation in prelingually deaf non-Nordic children. A regression analysis revealed a close to significant delay of 7 months in children with non-Nordic ethnicity when comorbidity as a potential cause of delay was excluded. Interestingly, this delay was shorter when children with comorbidities were included, suggesting that comorbidity believed to cause delay may in fact have contributed to earlier diagnosis and implantation.
The design of our study does not allow us to elucidate the reasons for delayed implantation in the prelingually deaf group. However, the experience of the CI team is that evaluation and implantation are delayed in several cases due to long visits to the country of origin, sometimes combined with a second opinion there. Other explanations may be cultural differences in accepting or treating disabilities [5, 22] , different compliance to health care follow-up, and suboptimal communication modalities in hospitals and health care centers.
There is clearly a need for further investigation of this finding, including a delay between conclusive auditory brain stem response, decision of CI, and implantation.
Children born in non-Nordic countries were considerably older than Nordic children at implantation in AOD categories <1 year and 1-2 years (Tables 3 and 4 ). These children were older when they arrived in Norway, and the diagnosis and habilitation of deafness was late or absent, resulting in a reduced or uncertain prognosis for the benefit of CI. Another worrying factor was that implantation was delayed in some cases because families waited a long time to 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Amundsen et al, The Impact of Ethnicity on Cochlear implantation in Children in Norway 14 obtain permanent residency status. This is a critical issue that demands special attention, as there are deaf children among the currently increasing population of refugees with urgent needs, and who often have no experience with hearing aids and no early access to spoken language.
The group with partial deafness was heterogeneous, and conclusions about ethnicity and delayed implantation could not be drawn for different reasons. First, profound deafness may have been present much earlier than it was diagnosed in some of these children, while in others hearing decreased gradually. If not closely followed up, both situations may have resulted in late implantation [23] . Furthermore, a delay may be desirable in cases where prolonged observation time is required before a decision about implantation is made, e.g. in
ANSD.
The mean age at implantation decreased by 2.3 months per year over the study period for children born in Norway with AOD <1 year. This may partly be attributed to the introduction of the screening of newborns for deafness in 2008, and to indications for CI gradually becoming more liberal regarding degree of hearing loss and age. The further development of age at implantation after 2010 will be explored in a separate study.
Speech recognition
Speech recognition tests were standardized and mainly performed in Norwegian.
Nevertheless, children born in Nordic countries with non-Nordic parents, who may use another language at home, still scored 76.3% in monosyllable tests. Compared with 84.7% in children with Nordic background, this is considered a good result, and test scores might not have differed had tests been performed in the non-Nordic children's native language. Children born in non-Nordic countries had the lowest scores, 66.9%. The plausible explanations are that they were older at implantation, and they had been less exposed to spoken language early 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
Strengths and limitations
The fact that all children in Norway have been implanted in one center since the beginning of the CI era ensures large study populations and allows for longitudinal studies focusing on trends over time. The present study involves all Norwegian children who received their first CI during the period studied, including non-users. This should minimize biases such as the exclusion of children with comorbidities, CDL, or non-Nordic native languages, which could lead to better results. Ethnicity was the main focus in this study, and there is no risk of selection bias in speech perception test results. However, we are aware that the lack of language-appropriate testing may have resulted in lower scores in children with non-Nordic ethnicity, as concluded by other authors [22] . Therefore, speech recognition results should be interpreted with caution as a rough indicator of potential major differences -which were not found in this study sample.
This study is retrospective and based on data from the CI registry and patient's records, and it has the innate disadvantages of such a design. In the absence of a national registry on deaf children, the number of deaf children who, for different reasons, do not have CI is not exactly known, but is estimated at ~5% based on the number of pupils in schools for deaf, and the number of deaf children to whom CI was not offered, or not accepted by the parents.
CONCLUSIONS
In Norway, children with non-Nordic ethnicity are nearly twice as likely to receive a CI compared with Norwegian children, indicating a higher incidence of profound deafness. The mean age at implantation decreased over the study period both for non-Nordic and Nordic children. Given the same age at onset of profound deafness, children with non- Nordic   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Amundsen et al, The Impact of Ethnicity on Cochlear implantation in Children in Norway 16 background were implanted later compared with their Nordic peers. The difference was most pronounced for children born in non-Nordic countries, a finding which underlines the current challenge with regard to the rehabilitation of deaf refugee children. In spite of being born and followed up in Norway, prelingually deaf children with two non-Nordic parents are at risk of being implanted later than Nordic children. Few non-Nordic children were implanted before 1 year of age. Our findings urge further investigation in order to eliminate parents' and doctor's delay . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Table 3 . Age (months) at implantation and ethnicity for children with severe to profound bilateral deafness before age 1year (n = 153). Table 4 . Age (months) at implantation and ethnicity for children with onset of severe to profound bilateral deafness between age 1 and 2 years (n = 24). Figure 1 . The box plot shows age at CI surgery for categories of age at onset of severe to profound bilateral deafness, and for partial deafness. N = 278. The youngest group with onset of profound deafness before age 1 year (n = 153) showed less variation of age at surgery than the older groups.
Figure 2. Regression analysis of age at the first CI surgery for children deaf before 1year, born in Norway and without comorbidity as a potential cause of delayed implantation (n = 98). Regression lines indicate a gradual decrease of the mean age at implantation for both groups during 2004-2010. R 2 = .12 and .14 for non-Nordic and Nordic ethnicity, respectively. 
